

.T 




da UK Patent ratGBmi2 344 365d3iB 


(54) Title of Invention 

Downhole sampling tool and method 

(51) I NT CL’; E21B 49/08 49/10 



( 21 ) 


Application No 


(72) 


9826557.2 


Inventor(s) 

Timothy Gareth John Jones 


(22) Date of filing 
03.12.1998 


(73) Proprietor(s) 

Schlumberger Limited 


(43) Application published 
07.06.2000 


(Incorporated in the 
Netherlands Antilles) 


(45) Patent published 
03.01.2001 


5 Julianaplein 
Curacao 

Netherlands Antilles 


(52) Domestic classification 
(Edition S) 

E1F FHB 


(74) Agent and/or 

Address for Service 
Akram Karim Mirza 
Schlumberger Cambridge 
Research Limited 
High Cross 
Madingley Road 
Cambridge 
CB3 0EL 

United Kingdom 


(56) Documents cited 
GB0748929A 
EP0399889 A 

(58) Field of search 

As for published application 
2344365 A viz: 

UK CKEdition Q) E1F FHB 
INT CL* E21B 
updated as appropriate 



2A 

3r 



34 



14 


44 






I* ■■ 

jam 





60 


52 


16 



FIG. 2 


1 


Downhole Sampling Tool and Method 


The invention relates to sampling apparatus for use downhole in 
acquiring samples of volatile components dissolved in downhole 
5 fluids, and to an associated method. 

BACKGROUND OF THE INVENTION 

Acquiring samples representative of downhole fluids is an 
10 important aspect of determining the economic value of an 
hydrocarbon formation. However where a volatile gas is 
dissolved in the fluid, the sample taken downhole may under¬ 
represent the proportion of the volatile gas within the fluid 
due to its reaction with the material from which sampling 
15 apparatus is made. This leads to an underestimate of the 
proportion of volatile gas. 

There is a particular problem where hydrogen sulphide (H 2 S) is 
dissolved in the fluid. H 2 S is highly corrosive and toxic and 
20 any underestimate of the proportion of this gas within the 

fluid can affect the economics of well production, as pipework 
will need to be replaced sooner than expected. Underestimate of 
the presence of corrosive gases such as H 2 S is having an effect 
on the economies of well production. In the last decade, it 
25 here has been observed that the proportion of H 2 S within 

hydrocarbon formations is increasing, partly as a result of 
accessing deeper formations. 

Attempts to address this problem have included coating metal 
30 sampling apparatus with inert layers or the use of glass bottles 
to collect the samples of fluid. However these are relatively 
expensive and prevent the use of existing hardware. It is an 
objection of the present invention to provide apparatus and 
method for sampling downhole fluid which reduces the 
underestimation of volatile gases in hydrocarbons. 
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SUMMARY OF THE INVENTION 

In accordance with one aspect of the invention, a wellbore fluid 
sampling device is provided comprising a main body to be 
5 suspended into a hydrocarbon well, said body having at least one 
fluid inlet port to engage with a wall of the well, at least one 
conduit guiding fluid into the main body and an gas extraction 

■ s 

system associated with said at least one conduit for essentially 
exclusively separating from said wellbore fluid at least part of 
10 a predetermined volatile non-hydrocarbon component dissolved in 
said wellbore fluid entering said at least one conduit. 

The gas extraction system is preferably a material capable of 
binding the volatile component of the wellbore fluid. However, 

15 in another variant of the invention, it is also envisaged to use 
a selectively permeable membrane or interface as extraction 
system. 

The preferred volatile component to be extracted from the ^ 

20 wellbore fluid is H 2 S. 

The method may further comprise retrieving the gas extraction 
system to the surface after sampling to permit analysis of the 
non-volatile components fixed in the system. 

25 

A preferred analysis of the material which the volatile 
component is bound to involves pyrolysis followed by mass 
spectrometry, by which the quantity of the non-volatile 
components fixed by the binding material can be determined. 

30 

According to a further aspect of the present invention, there is 
provided a method of quantitatively sampling volatile components 
dissolved in wellbore fluids, comprising the steps of lowering a 
sampling tool into a wellbore; bringing an inlet port of said 
35 tool into close contact with a subterranean formation; guiding 
said wellbore fluid from said subterranean formation into said 
tool; exposing said wellbore fluid to a gas extraction system 
for essentially exclusively separating from said wellbore fluid 
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a predetermined volatile non-hydrocarbon component dissolved in 
said wellbore fluid; at least partially separating said volatile 
non-hydrocarbon component from said wellbore fluid; and storing 
said separated volatile component as non-volatile samples within 
5 said tool. 


The gas extraction system may be placed within the hollow body, 
or in a supplementary chamber having an inlet and an outlet 


9 .V. N . — J 4 ^ X. « U . J Aw 

vvnxcii u. o autaL-iicu i-w 


. 1 .^ J. . J A- -V —. - - ~V. - - 1 — - « 

,ilc iuuu_y aiiu wuy n uiic 


C 1 . . J-— —- 

LXUJ.U OCB 


10 to enter the hollow body. 


Where a supplementary chamber is used, preferably inlet and the 
outlet are provided with filters to prevent loss of binding 
material within the gas extraction system. Preferably the 
15 filters are formed from material which is inert to downhole 

fluids and to the binding material, and typically may comprise 
polytetrafluoroethylene (PTFE). 

The hollow body has a fixed volume and as such the quantity of 
20 fluid sartpled is known. This allows quantitative analysis of 
the volatile components to be performed. Thus a fluid can be 
sampled whilst downhole to ascertain the presence and percentage 

✓ 

of selected volatile components in the fluid by selecting an 
appropriate binding material within the gas extraction system 
25 which material will preferentially react with the volatile 
component from the downhole fluid. 


Such an sampling device allows gases dissolved within downhole 
fluids such as drilling fluid, oil or gas, to be fixed in a non- 
30 volatile form within a binding material matrix for later 
analysis. 

Typically the binding material is selected so as to secure H 2 S in 
a non-volatile form. 

35 

For other gases which can occur downhole, such as carbon dioxide 
nitrogen, a binding material has to be chosen from those 
material which stabilises the respective gas. E.g., a strong 



57.267 UK 


- 4 - 

alkali reactant for carbon dioxide. 

The binding material may comprise one or combinations of the 
following materials, namely: metals, and in particular 
5 transition metals such as iron (Fe), molybdenum (Mo) and zinc 
(Zn), and metal oxides and in particular transition metal oxides 
such as iron oxide Fe 3 0 4 , zinc oxide ZnO and tungsten oxide W0 3 . 

* 

Metals and metal oxides may be doped, for example copper oxide 
10 doped tin oxide Sn0 2 /Cu0 and gold doped tungsten oxide W0 3 /Au. 

Apart from metals and metal oxides, organic materials such as 
amines may be used, particularly where they exist as an organic 
solid at downhole temperatures. 

15 

Other compounds which may be used as the binding material 
include iron (III) EDTA complex in an aqueous alkaline solution 
for oxidising hydrogen sulphide to elemental sulphur and 
R x R 2 XYR 3 R 4 compounds, where X and Y are carbon or nitrogen atoms 
20 and any two of the R groups contain electronegative groups, for 
example fumaronitrile. 

By analysing the quantity of iron sulphide FeS 2 present for a 
known volume of downhole fluid sampled by the sampling device, 

25 the amount of H 2 S dissolved in the downhole fluid can be 

determined. Thus quantitative analysis of H 2 S can be achieved by 
choosing a binding material which reacts with H 2 S to form an 
inert sulphur containing compound. 

30 The use of Fe 3 0 4 as the binding material within the gas 

extraction system allows this to be done, since Fe 3 0 4 fixes 
sulphur contained within H 2 S into an inert non-volatile form of 
iron sulphide according to the following equation: 

35 Fe 3 0 4 + 6H 2 S -> 3FeS 2 + 4H 2 0 + 2H 2 

The properties of the fluid and the temperatures experienced 
downhole will affect the choice of the binding material. Thus 
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for example where high temperatures are present downhole, the 
binding material may desirably be tungsten oxide W0 3 . 

Preferably the binding material is in the form of generally 
5 spherical particles, or a powder, so as to present a large 
surface area to the fluids to be tested. Preferably the 
particles have a diameter in the range of 0.1mm to 10mm, and 

i 

more preferably in the range of 0.1mm to 1mm, so as to ensure 
there is no significant pressure drop across the binding 
10 material within the device. 

By making the gas extraction chamber compatible with existing 
downhole equipment, the tool according to the invention can be 
achieved by retro-fitting to existing apparatus, and allows re- 
15 use of existing hardware so achieving cost savings. 

The device may further comprise attachment means to secure it to 
a wireline so that it can be lowered downhole when sampling is 
required, and after sampling, raised again to surface. 

20 

These and other features of the invention, preferred embodiments 
and variants thereof, possible applications and advantages will 
become appreciated and understood by those skilled in the art 
from the following detailed description and drawings. 

25 

DRAWINGS 

shows a schematic diagram of sampling apparatus with a 
gas extraction system comprising binding material in 
accordance with the invention when in position 
downho1e; and 

FIG. 2 shows an enlarged fragmentary view of the sampling 

apparatus depicting a column containing binding 
material. 


FIG. 1 
30 
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MODE(S) FOR CARRYING OUT THE INVENTION 
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10 


15 


FIG. 1 shows sampling apparatus 10 held on a wireline 12 within 
a wellbore 14. The sampling apparatus 10 comprises a known 
modular dynamics tester as described in Trans. SPWLA 34th Ann. 
Logging Symp., Calgary, June 1993, paper ZZ, with this known 
tester adapted by introduction of a sampling column 16 which is 
shown in detail in FIG. 2. The modular dynamics tester 


comprises body 20 approximately 30m long which contains a 
channel 22 passing along its length, a sampling bottle 24 around 
0.3m long attached to the channel 22 by conduit 26 in which 
sampling column 16 is placed. An optical fluid analyser 30 is 
within the lower part of the channel 22 and towards the upper 
end of the channel 22 a pump 32 is placed. Hydraulic arms 34 
are attached external to the body 20 and carry a sample probe 36 
for sampling fluid, about the base of which probe is an o-ring 
40, or other seal. 


Jr ' 

i.*« * * 


20 Before completion of a well, the modular dynamics tester is 

lowered downhole on the wireline 12. When at the desired depth 
of a formation 42 which is to be sampled, the hydraulic arms 34 
are extended until the sample probe 36 is pushed into and 
through a side wall 44 of the wellbore 14, and into the 
25 formation 42 which is to be analysed. The o-ring 40 at the base 
of the sample probe 36 forms a seal between the side of the 
wellbore 44 and the formation 42 into which the probe 36 is 
inserted and prevents the sample probe 36 from acquiring fluid 
directly from the borehole 14. 

30 

Once the sample probe 36 is inserted into the formation 42, an 
electrical signal is passed down the wireline 12 from the 
surface so as to start the pump 32 and to begin sampling of a 
sample of fluid from the formation 42. 

35 

As shown in FIG. 2, attached to channel 22 by conduit 26 is 
sampling column 16. This sampling column, or scrubber column, 
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is a hollow cylinder 46 with sealed ends, into opposite ends of 
which an inlet port 50 and an outlet port 52 enter. Inlet port 
50 leads from channel 22 into the scrubber column 16, with 
outlet port 52 leading from the scrubber column 16 into a 
5 pressurised sample chamber 24 of known fixed volume. Across the 
cross-sectional area of each port 50, 52, there extends an inert 
porous filter 54, 56, typically made from 

polytetrafluoroethylene (PTFE), and each port has an associated 
valve 60, 62 within the conduit. 

10 

The column 16 is packed with a binding material 64 in the form 
of a high surface area solid phase, such as particles of iron 
oxide Fe 3 0 4 , which reacts with hydrogen sulphide in the fluid 
hydrocarbon to produce an inert and non-volatile compound. All 
15 of the internal volume of the scrubber column 16 may be filled 
with the solid phase or alternatively a known partial volume of 
the scrubber column 16 can be filled with the binding material 
64. 

20 The particles may be composed of porous, high surface area forms 
of metals or metal oxides or inert polymer beads with a coating 
of very fine particles of metals or metal oxides. Suitable 
metals include Fe, Mo and Zn. Appropriate metal oxides include 
ZnO and Sn0 2 , and where appropriate the metal oxides can be 
25 doped. Suitable inert polymers include polyetherketone, 
polystyrene or polyethylene. 

Other binding materials suitable for use in the gas extraction 
system downhole include materials of the form R^XYR^, where X 
30 and Y are carbon or nitrogen atoms and any two of the R groups 
contain electronegative groups, for example fumaronitrile, and 
also iron (III) EDTA complex in an aqueous alkaline solution. 

The particles used in the scrubber column 16, whether metal, 

35 metal oxide, or coated polymer beads, have a diameter chosen so 
that the fluid flows freely through the scrubber column whilst 
ensuring efficient absorption of volatile components within the 


57.267 UK 


- 8 - 

fluid. Thus typically the particles have a diameter in the 
range 0.1 - 1mm, which ensures that in use there is no 
significant pressure drop across the column which would prevent 
ingress of fluid into the column. 

5 

In use, once the sample probe 36 is in position within the 
formation 42 and the pump 32 activated, fluid flows up channel 
22. Optical fluid analysis is conducted on fluid within the 
channel 22 by analyser 30 and by opening valves 60, 62 a sample 
10 of fluid flows through the scrubber column 16 and into the 
closed sample chamber 24. 

Within the scrubber column, the iron oxide particles are stable 
in the presence of water and hydrocarbons but react immediately 
15 and irreversibly with H 2 S dissolved in the fluid in accordance 
with the following equation: 

Fe 3 0 4 + 6H 2 S -> 3FeS 2 + 4H 2 0 + 2H 2 

20 so as to fix sulphur contained in H 2 S dissolved in the fluid as 
inert and non-volatile iron sulphide (FeS 2 ) . The material within 
the scrubber column thus changes the form of the HjS and actively 
removes H 2 S from the fluid. 

25 After filling the chamber 24 with fluid and so sampling a known 
volume of fluid, the tester 10 is raised to the surface on the 
wireline 14 . The scrubber column 16 does not need to be sealed 
after use before raising to surface as the extracted sulphur is 
fixed in a non-volatile solid form and will not be lost on 
30 decompression at the surface. 

The quantity of fluid sampled is known from the chamber volume 
and thus from the sulphur content of the stabilising material, 
the quantity of H 2 S per unit volume of hydrocarbon sampled can be 
35 readily calculated. 


Once the tester 10 reaches the surface, the material within the 
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scrubber column 16 and the fluid within the pressurised chamber 
24 are analysed to determine their composition including the 
proportions of the various hydrocarbons present, their phase 
(pressure-volume-temperature or PVT) behaviour, density, 

5 viscosity and gas/oil ratio tests. 

The sulphur content of the Fej0 4 in the scrubber column 16 is 
analysed to determine the hydrogen sulphide content of the 
hydrocarbon per unit volume of sampled hydrocarbon. Analysis of 
10 the sulphur content can occur by one of several laboratory 

analytical techniques. Since the sulphur has been fixed into a 
non-volatile form, its analysis does not present any significant 
problems. Any residual hydrocarbon on the metal sulphide is 
cleaned with an organic solvent, for example xylene, without the 
15 loss of sulphur. Pyrolysis of the metal sulphide to produce 
sulphur dioxide and detection by mass spectrometry allows the 
various sulphur isotopes to be identified. 

If it is known that the metal sulphide and accompanying 
20 unreacted metal/metal oxide are free from contamination or 
impurities, then determination of the weight change of the 
sulphide on its pyrolysis to the oxide, for example zinc 
sulphide (ZnS) to zinc oxide (ZnO), will yield its sulphur 
content. 

25 

Gas chromatography combined with a mass spectrometer detector is 
another method that can be used for analysing the scrubber 
material as it readily identifies isotope ratios, such as the 
isotope ratio 34 S/”S. This allows comparison of 
30 organic/inorganic derived isotopes which is of use for 

geochemists and also in determining the geological history of 
formations. 

Generally the described apparatus and method allow 
35 discrimination of H 2 S down to l-100ppm. However if the scrubber 
column becomes saturated with sulphur during sample acquisition, 
then the hydrogen sulphide content of the hydrocarbon sample may 
not be reliably determined. 
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Also the extraction of hydrogen sulphide from hydrocarbon 
samples using a scrubber column presupposes that its hydrogen 
sulphide content is relatively small, typically <0.5% or around 
5 lOppm, such as where the sulphur content of crude oils is in the 
range 0.3-0.8 weight percent and H 2 S content of natural gas is in 
the range 0.01-0.4 weight percent. For these weight percents 
the removal of H 2 S from the fluid sampled has no significant 
effect on x ts phase behaviour. However the phase behaviour of 
10 fluid samples which contain significant quantities of hydrogen 
sulphide, for example >5%, can be modified by removal of the H 2 S. 
For example, removal of a high percentage of H 2 S from the fluid 
can alter the gas bubble point of phase analysis and in such 
samples the original composition of these hydrocarbon samples 
15 can be re-established by the addition of the correctly estimated 
quantity of hydrogen sulphide as enabled by the present 
invention prior to phase analysis. 
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CLAIMS 


1. A wellbore fluid sampling device comprising a main body to 
be suspended into a hydrocarbon well, said body having at least 
5 one fluid inlet port to engage with a wall of the well, at least 
one conduit guiding fluid into the main body and an gas 
extraction system associated with said at least one conduit for 
separating from said wellbore fluid at least part of a 
predetermined volatile non-hydrocarbon component dissolved m 
10 said wellbore fluid entering said at least one conduit. 


2. A sampling device according to claim 1, wherein the gas 
extraction system comprises a material capable of binding the 
volatile component. 

15 

3. A sampling device according to claim 1, wherein the gas 
extraction system comprises an interface penetrable by the 
volatile component. 

20 4. A sampling device according to claim 1, wherein the gas 

extraction system is placed within the conduit. 

5. A sampling device according to claim 1, wherein the gas 
extraction system is placed in a supplementary chamber having an 
25 inlet and an outlet which is attached to the conduit. 


6. A sampling device according to claim 1, wherein the gas 
extraction system is provided with filters located before and 
after the extraction system. 

30 

7. A sampling device according to any of the preceding claims, 
wherein the gas extraction system is selected so as to secure H 2 S 
in a non-volatile form. 

35 8. A sampling device according to any of the preceding claims, 

wherein the gas extraction system comprises iron oxide Fe 3 0 4 . 
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9. A sampling device according to any of claims 1 to 7, wherein 
the gas extraction system comprises a transition metal oxide. 

10. A sampling device according to any of claims 1 to 7, 

5 wherein the gas extraction system comprises a doped transition 
metal oxide. 


10 


11. A sampling device according to any of claims 1 to 
wherein the gas extraction system comprises an organic 


7, 

material. 


12. A sampling device according to any of claims 1 to 7, 
wherein the binding material is tungsten oxide W0 3 . 


13. A sampling device according to any of the preceding claims, 
15 wherein the gas extraction system comprises particulate 

material, so as to present a large surface area to the fluids to 
be sampled. 


14. A sampling device according to claim 13, wherein the 
20 particles have a diameter in the range of 0.1mm to 10mm. 

15. A sampling device according to claim 13, wherein the 
particles have a diameter in the range of 0.1mm to 1mm. 

25 16. A sampling device according to any of the preceding claims, 

wherein the device further comprises attachment means to secure 
it to a wireline. 


17. A method of sampling volatile components dissolved in 
30 wellbore fluids, comprising the steps of lowering a sampling 
tool into a wellbore; bringing an inlet port of said tool into 
close contact with a subterranean formation; guiding said 
wellbore fluid from said subterranean formation into said tool; 
exposing said wellbore fluid to a gas extraction system for 
35 separating from said wellbore fluid a predetermined volatile 
non-hydrocarbon component dissolved in said wellbore fluid; at 
least partially separating said volatile non-hydrocarbon 



component from said wellbore fluid; and storing said separated 
volatile component as non-volatile samples within said tool. 

18. A method according to claim 17, further comprising 
retrieving the non-volatile samples to surface after sampling to 
permit analysis of said samples. 



